Three cases of osteochondroma in a male Sprague-Dawley (SD) rat, a female Fischer (F344) rat, and a male Wistar rat are described. The rats were aged between 26 and 30 months. All osteochondromas were considered to bc of spontaneous origin. The Wistar rat had multiple osteochondromas on both hind legs, the skull base, and a lumbar vertebra, whereas each of the F344 and SD rats was affected by a solitary ostcochondroma, also on a lumbar vertebra. The lumbar osteochondromas were similar in appearance in all rats and consisted of a central core of trabecular bone, interspersed with fatty marrow and covered by a cap of hyaline cartilage. The additional tumors in the Wistar rat represented different developmental stages of osteochondroma with or without endochondral activity. The osteochondromas in the rats were morphologically similar to those described in humans and some domestic animal species.
Osteochondromas are fungoid, cartilage-capped bony tumors arising from the cortex of endochondral bones. They consist of mature lamellar bone interspersed with hematopoietic or fatty. marrow, and are covered by a layer of hyaline cartilage (5) . Osteochondromas may develop singly or multicentrically. Solitary osteochondromas have been described in humans (6), cats (8), horses (4), and a white-tailed deer (1 1). Multiple osteochondromas (multiple cartilaginous exostoses) have been observed in humans, horses, dogs, and cats and are considered to represent inherited malformations rather than neoplasms (3, 5). To our knowledge, spontaneous osteochondromas have not yet been reported in rats. Osteochondroma-like lesions, however, have been induced in rats by exposure to vinyl chloride vapors (1 0), radiation (l), and by surgical reflection of the perichondrial ring in radii (2). This brief report records 3 cases of osteochondroma in a male Sprague-Dawley rat, a female Fischer (F344) rat, and a male Wistar rat.
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The tumor-bearing rats were experimental animals from chronic feeding or inhalation toxicity/ carcinogenicity studies with different test substances. There was only 1 rat with osteochondroma($ in each study, and no evidence ofdose-related neoplastic or nonneoplastic effect on bone was found in these studies. Therefore these tumors were considered to occur spontaneously. All rats were kept under standardized laboratory conditions (room temperature 22 & l°C, relative humidity 55%, 12hr lightldark cycle) in a dry bamer system and received a pelleted diet from a commercial supplier and tap water ad libittint. The Sprague-Dawley (MUM-SPRA) rat was killed at an age of 30 months when the study ended, whereas the F344 (F344/ CrlBR) and Wistar (BOR.WISW) rats were sacrificed in a moribund condition at ages of 26 and 29 months, respectively. The F344 rat had concurrent mononuclear cell leukemia, whereas the Wistar rat was killed due to the development of multiple hard masses associated with bones. A complete necropsy was performed on each animal. All organs and macroscopic tumors were fixed in 10% neutral buffered formalin, embedded in Paraplast, sectioned at 5 pm, and routinely stained with hematoxylin and eosin (H&E). The bones and bone-related masses were decalcified in equal portions of sodium citrate (20%) and formic acid (45%) or with ethylenediaminetetraacetic acid (EDTA) (Wistar rat) for 10-21 days prior to sectioning.
Macroscopically, a reddish-white, nodular bony mass with a diameter between 1 and 2 cm rose from the dorsal surface of a lumbar vertebra in all 3 rats. These spinal nodules were firmly attached to the vertebral bodies. The Wistar rat had multiple additional bony nodules of up to 0.5 cm in diameter on both hind legs and at the caudal skull base, whereas the bony lumbar tumors in the F344 and Sprague-Dawley rats were solitary.
The histological appearance of the vertebral nodules was similar in all 3 rats and consisted of concentrically growing osteochondroma ( Fig. 1 ). In all cases, there was communication between the medullary cavity of the tumor and that of the attached vertebral bone. The tumors consisted of an outer cartilage layer and a subjacent core of trabecular bone, interspersed with abundant fatty bone marrow. The cartilage layer was covered by a periosteum continuous with that of the vertebral bone. In some areas, the fibrous periosteum extended into the cartilage layer, producing a lobulated pattern (Figs. 2, 3). The cartilage cap consisted of groups and rows of mostly irregular, hypertrophic, and in some areas, ballooned chondrocytes. The cells usually had hyperchromatic and slightly pleomorphic nuclei that were larger than those in normal chondrocytes and lay within well-formed lacunae. The chondrocytes occurred singly, in pairs or in tetrads, and were of different sizes and shapes ( Fig. 3 ). At the inner boundary of the cartilage layer, a zone of endochondral ossification formed the transition to the osseous core of the tumor (Figs. 1, 2 ). An accumulation of hematopoietic cells formed a darkly stained zone at the osteochondral junction ( Fig. 1) . Small finger-like projections of the cartilage layer into the subchondral bone were observed in some areas (Fig. 2) . The newly formed osseous trabeculae varied in thickness and contour and extended into the tumor center ( Figs. 1, 2) . Some mixed foci of fibrous tissue, cartilage, and calcified bonewere seen in the central portion of the tumor. The bulk of the bony core consisted of fatty marrow containing less hematopoietic tissue than in the ossification zone. Some central parts of the tumor tissue revealed regressive changes, with degeneration of bone and cartilage as well as hyalinization and fibrosis ofthe bone marrow.
In the Sprague-Dawley rat, the lumbar osteochondroma protruded into the vertebral canal and compressed the spinal cord ( Fig. 4) .
Multiple osteochondromas were observed in the Wistar rat. The tumor at the skull base seemed to arise from the cortex of the sphenoid bone and consisted of a knobby, disorganized, and partly mineralized protruberance of cartilage ( Fig. 5 ). An ossification zone was continuous with the cortex of the sphenoid bone and extended from the base into the center of the cartilage. The subjacent marrow cavity of the tumor was also conjoined with that of the sphenoid bone. Two other osteochondromas were observed, 1 on each of the hind legs. Both tumors seemed to represent outgrowths of the proximal tibial cortex and were composed of lobulated hyaline cartilage with a central ossification zone. The osteochondromas observed in the 3 rat strains were morphologically similar to those described in humans and other animal species. The characteristic histological appearance of an osteochondroma is due to a continuous proliferation of the chondrocytes in the subperiosteal area of the cartilage layer, combined with a progressive replacement of the inner cartilage zone with trabecular bone by endochondral ossification (6). The lumbar osteochondromas were of comparable size in all rats and reflected a late stage of tumor development, because the bulk of tumor tissue was made up of central bony core. In contrast, the osteochondromas observed on the hind legs and at the skull base of the Wistar rat represented different developmental stages and consisted of proliferating cartilage with active or ceased endochondral ossification. The morphology, growth characteristics, and development in old rats indicate that the lesions most probably were neoplasms and not malformations. This interpretation is also supported by the chemical, radiological, and mechanical inducibility of similar lesions in rats (1, 2, 10) . On the other hand, the multicentric form of osteochondromatous lesions in man, dogs, and horses, preferably called 'multiple cartilaginous exostoses,' is probably a true malformation (3). This proliferative disease has been shown to be inherited as an autosomal dominant trait. It usually occurs in young individuals, and the lesions stop growing at the same time as the physes of the parent bones (5) . Only in the cat has the heritability of the multicentric form been proposed, because multiple osteochondromas have been reported to occur in mature animals aged between 2 and 3 years (7-9). The same was true for the 29-month-old Wistar rat, which showed multiple osteochondromas on the tibial bones, the vertebral column, and the skull base. It has to be emphasized, however, that the Wistar rat in contrast to the other rat strains showed cartilaginous proliferations with both active as well as ceased endochondral activity. Thus, the possibility that the lesions in the Wistar rat represent a malformation rather than a neoplasm cannot be ruled out with certainty. The histogenesis of this tumor is still controversial. According to the most common hypotheses, osteochondromas may derive from 1) ectopic epiphyseal cartilage cells, 2) the periosteum, or 3) physically stimulated perichondrial ring cells around the growth plates (2, 6) . The morphology of the lumbar and tibia1 osteochondromas in the rats allow no conclusions to be drawn with respect to the first and third hypotheses. In the Wistar rat, however, the histologic picture of the osteochondroma on the sphenoid bone strongly suggests an origin in (metaplastic) cells of the penosteal membrane. There was no association of this tumor to a growth plate. A periosteal histogenesis has also been assumed for the intramembranous skull bone osteochondromas in the cat (9) . The cause of the disease is unknown. Feline leukemia virus has been identified in osteochondroma tissue of the cat, but a relationship to the pathogenesis of the tumor could not be established (7) . With respect to the biological behavior of osteochondromas, a small percentage has been reported to be transformed into chondrosarcomas or osteosarcomas (4, 6, 8). 
